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$\Omega$ $R^{n}$ \Gamma $=\partial\Omega$ $Q=(\mathrm{O}, T)\mathrm{x}\Omega$
$\Sigma=(0, T)\cross\Gamma$ coupled sine-Gordon (CSG)
:
$\{$
$\frac{\partial^{2}y_{1}}{\partial t^{2}}+\alpha_{11}\frac{\partial y_{1}}{\partial t}+\alpha_{1}2^{\frac{\partial y_{1}}{\partial t}-}\beta_{1}\triangle y1+\gamma_{1y1}\sin 1+k1y_{1}+k12y2=f_{1}+v1$ in $Q$ ,
$\frac{\partial^{2}y_{2}}{\partial t^{2}}+\alpha_{21}\frac{\partial y_{1}}{\partial t}+\alpha_{2}2^{\frac{\partial y_{2}}{\partial t}-}\beta_{2}\triangle y2+\gamma_{2}\sin y_{2}+k21y_{1}+k_{22}y2=fi+v2$ in $Q$ ,
$=0$ on $\Sigma$ ,
$y_{i}(0, X)=y_{0}^{i}(X)$ , $\frac{\partial y_{i}}{\partial t}(0, x)=y_{1}^{i}(x)$ in $\Omega$ , $i=1,2$ .
(1.1)
$f_{i},$ $i=1,2$ Dirichlet
$v=(v_{1}, v_{2})\in \mathcal{U}=L^{2}(Q)\cross L^{2}(Q)$ $z(v)$
$z(v)=Cy(v)=C(y_{1}(v), y_{2}(v))$ (1.2)





$J(v)=\rceil|c_{y}(v)-- Z-d||_{\lambda 4}^{2}+(Nv,\overline{v)}v\in \mathcal{U}_{ad}^{-}\subset-\mathcal{U}^{-}$
—-
(1.3)
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$J(v)$ $z_{d}\in \mathcal{M}$ $z(v)$ $\mathcal{U}$ Hilbert $N\in \mathcal{L}(\mathcal{U})$
, $\mathcal{U}_{ad}$ $\mathcal{U}$ .
$\mathcal{U}_{ad}$ $J(v)\text{ }$ $u$
(Lions [6] )
(i) $\inf_{v\in u_{ad}}J(v)=J(u)$ $u\in \mathcal{U}_{ad}$ o
(ii) $u$
$u$





Josephson junctions (1.1) $\alpha_{ij}\in$
$\mathrm{R},$ $\beta i,$ $\gamma i>0,$ $k_{ij}\in \mathrm{R}$
$\triangle$
$\alpha_{ij},$ $k_{ij}$
coupling Temam [7; p.221]
–
2 $H$ $V$ $H=L^{2}(\Omega)$ $V=H_{0}^{1}(\Omega)$
$( \psi, \phi)=\int_{\Omega}\psi(x)\phi(x)d_{X}$, $|\psi|=(\psi, \psi)1/2$ , $\forall\phi,$ $\psi\in L^{2}(\Omega)$ ,
$(( \psi, \phi))=i=1\sum^{n}\int\Omega d\frac{\partial}{\partial x_{i}}\psi(_{X)\frac{\partial}{\partial x_{i}}\emptyset}(X)x$ , $||\psi.||=((\psi, \psi))1/2,$
.
$\forall\phi,$ $\psi\in H_{0^{1}}(\Omega)$ .
(V, $H$ ) Gelfand triple space $Varrow H\equiv H’arrow V’$
$V’=H^{-}1(\Omega)$ $V\subset H$ $H\subset V’$ dense compact
bilinear form
$a( \phi, \varphi)=\int_{\Omega}\nabla\emptyset\cdot\nabla\varphi dx=((\phi, \varphi))$, $\forall\phi,$ $\varphi\in H_{0}^{1}(\Omega)$ . (2.4)
form (2.4) $H_{0}^{1}(\Omega)\cross H_{0}^{1}(\Omega)$ coercive




$\frac{\frac{d^{2}y_{1}}{dy_{2}\mathrm{q}t^{2}}}{dt^{2}}+\alpha 21\frac{}{dt}+\alpha 22+\beta 2Ay_{2}+\gamma\sin y+k21y1^{+k(t)}+k22y=f2(t\dotplus\alpha_{1}1^{\frac{dy_{1}}{dy_{1}dt}+\alpha_{12}\frac{dy_{2}}{\frac dy_{2}dtdt}+\beta_{1}A}y1+\gamma_{2}1\sin y_{2}1+k11y112y_{2}2=f1)\mathrm{i}\mathrm{n}\mathrm{i}\mathrm{n}(0,T)(0,T),$
’
$yi(0)=y_{0}^{i}\in V$, $\frac{dy_{i}}{dt}(0)=y_{1}^{i}\in H$ , $i=1,2$ .
(2.6)
(2.6) $A$ $V$ $V’$ $A$ $H$
dense $D(A)=\{\phi\in V|A\phi\in H\}$
$W(\mathrm{O}, T)$
$W(0, T)=\{g|_{\mathit{9}}\in L2(\mathrm{o}, \tau;V),$ $g\in\prime L2(0, \tau;H),$ $\mathit{9}\in L^{2}\prime\prime(\mathrm{o},$ $\tau_{;V’)\}}$ .
$D’(0, T)$ $(0, T)$
CSG (2.6)
$\{$
$\mathrm{y}^{l/}+\alpha \mathrm{y}’+\beta \mathrm{A}\mathrm{y}+\mathrm{k}\mathrm{y}+\gamma$siny $=\mathrm{f}$ in $(0,T)$ ,
$\mathrm{y}(0)=\mathrm{y}_{0}$ , $\mathrm{y}’(\mathrm{o})=\mathrm{y}1$ ,
(2.7)
$\mathrm{y}=$ , $\mathrm{f}=,$ $\mathrm{y}’=\frac{d\mathrm{y}}{dt}=$ ,
$\mathrm{A}=,$ $\gamma=$ , $\sin \mathrm{y}$$=$ ,
$\alpha=$ , $\beta=,$ $\mathrm{k}=$ .
2 $\mathcal{V}=V\cross V$ $\mathcal{H}=H\cross H$
$((\phi, \psi))=((\phi_{1\psi},1))+((\psi_{2\psi 2},))$ , $\phi=[\phi_{1}, \phi_{2}]^{t},$ $\psi_{=}[\psi_{1}, \psi_{2}]t\in \mathcal{V}$ ,
$(\phi, \psi)=(\phi_{1}, \psi_{1})+(\emptyset 2, \psi_{2})$ , $\phi=[\phi_{1}, \phi_{2}]^{t},$ $\psi_{=}[\psi_{1}, \psi_{2}]^{t}\in \mathcal{H}$.
$\mathcal{V}$ $\mathcal{V}’=V’\cross V$’ $\mathcal{V}’$ $\mathcal{V}$ dual pairing
$\langle\phi, \psi\rangle=\langle\phi_{1}, \psi_{1}\rangle+\langle\phi_{2}, \psi 2\rangle$ , $\forall\phi=[\phi 1, \phi_{2}]^{t}\in \mathcal{V}’,$ $\psi=[\psi_{1}, \psi_{2}]t\in \mathcal{V}$.




Definition 1 $\mathrm{y}$ (2.7) $\mathrm{y}\in \mathrm{w}(\mathrm{o}, \tau)=W(\mathrm{O}, T)\cross W(\mathrm{O}, T)$
$\mathrm{y}$
$\langle \mathrm{y}’’(\cdot), \emptyset\rangle+(\alpha \mathrm{y}’(\cdot), \emptyset)+((\beta \mathrm{y}(\cdot), \emptyset))+(\mathrm{k}\mathrm{y}(\cdot), \emptyset)+$ ($\gamma$ siny(), $\phi$) $=(\mathrm{f}(\cdot), \emptyset)$
for all $\phi\in \mathcal{V}$ in the $\mathrm{s}\mathrm{e}\mathrm{n}\mathrm{S}\mathrm{e}$ of $D’(\mathrm{o}, \tau)$ , (2.8)
$\mathrm{y}(0)=\mathrm{y}_{0}$ , $\mathrm{y}’(0)=\mathrm{y}1$ .
Theorem 1. $\alpha_{ij}\in \mathrm{R},$ $\beta_{i}>0,$ $\gamma_{i},$ $k_{ij}\in \mathrm{R},$ $i,j=1,2$ . $\mathrm{f},$ $\mathrm{y}_{0}$ , yl
$\mathrm{f}\in L^{2}(\mathrm{o}, \tau;\mathcal{H})$ , $\mathrm{y}_{0}\in \mathcal{V}$ , $\mathrm{y}_{1}\in \mathcal{H}$ (2.9)
(2.7) 1 $\mathrm{y}$ $\mathrm{W}(\mathrm{O}, T)$
$\mathrm{y}$
$\mathrm{y}\in C([0, T];^{v})$ , $\mathrm{y}’\in C([0, T];\mathcal{H})$ (2.10)
$|\mathrm{y}’(t)|^{2}+||,\mathrm{y}(t)||2\leq C(||\mathrm{y}(0)||^{2}+|\mathrm{y}(\prime 0)|2+||\mathrm{f}||2L^{2}(0,T;\mathcal{H}))$ , $t\in[0,T]$
$C$
$\alpha_{ij},$
$\beta_{i}>0,$ $\gamma_{i}$ , k
3
$f1=f_{2}=0$ $\mathrm{v}=(v_{1}, v_{2})\in L^{2}(0, \tau;L^{2}(\Omega))^{2}=$
$L^{2}(Q)^{2}=\mathcal{U}$ $(\mathrm{C}\mathrm{S})$ :
$\{$
$\mathrm{y}’’+\alpha \mathrm{y}’+\beta \mathrm{A}\mathrm{y}+\mathrm{k}\mathrm{y}+\gamma$siny $=\mathrm{v}$ in $(0, T)$ ,
$\mathrm{y}(0)=\mathrm{y}_{0}$ , $\mathrm{y}’(0)=\mathrm{y}1$
(3.11)
– $\mathrm{y}=\mathrm{y}(\mathrm{v})\in \mathrm{W}(\mathrm{O}, T)$
$\mathrm{z}(\mathrm{v})$
$\mathrm{z}(\mathrm{v})=C\mathrm{y}(\mathrm{v})$ $C\in \mathcal{L}(\mathrm{W}(\mathrm{O}, T),$ $\mathcal{M})$ (3.12)
At $z$ Hilbert $C$
$(\mathrm{C}\mathrm{S})$
$J(\mathrm{v})=||c_{\mathrm{y}}(\mathrm{v})-\mathrm{Z}d||_{\lambda 4}^{2}+(\mathrm{N}\mathrm{v}, \mathrm{v})$ $\mathrm{v}\in \mathcal{U}_{ad}\subset \mathcal{U}$ (3.13)
$\mathrm{z}_{d}\in \mathcal{M}$ $\mathrm{z}(\mathrm{v})$ $\mathrm{N}\in \mathcal{L}(\mathcal{U})$






$\mathrm{N}>0$ inf $J(\mathrm{v})=J(\mathrm{v}_{m})$ $\{\mathrm{v}_{m}\}$ $\mathcal{U}$ $\mathrm{v}_{mk}arrow \mathrm{u}$ ( in $\mathcal{U}$ )
$\mathrm{v}\in \mathcal{U}$
$\mathrm{v}_{mk}$ $\mathrm{v}_{m}$ $\mathrm{y}(\mathrm{v}_{mk})=\mathrm{y}(\mathrm{V}m)$ energy
$\mathrm{y}(\mathrm{v}_{m})\in L^{2}(0, T;\mathcal{V})$ – (3.15)
$\mathrm{y}’(\mathrm{v}_{m})\in L^{2}(\mathrm{o}, \tau_{;\mathcal{H}})$ – (3.16)
$\{\mathrm{y}(\mathrm{v}_{m})\}$ $\{\mathrm{y}(\mathrm{v}_{k})\}$
$\mathrm{y}(\mathrm{v}_{k})arrow \mathrm{z}\in L^{2}(0, T;\mathcal{V})$ ( ) $(karrow\infty)$ (3.17)
$\mathrm{z}=\mathrm{y}(\mathrm{u})$ siny $(\mathrm{v}_{k})arrow$
$\sin \mathrm{z}\in L^{2}(\mathrm{o}, \tau_{;\mathcal{H}})$ ( ) $\mathrm{y}(\mathrm{v}_{k})arrow \mathrm{z}\in L^{2}(- 0, T;\mathcal{H})$ ( )
Aubin-Lions-Temam compact imbedding theorem
$\mathrm{W}(\mathrm{O}, \tau)$ – $\mathrm{z}=\mathrm{y}(\mathrm{u})$
4
(ii) $\mathrm{u}$
$DJ(\mathrm{u})(\mathrm{v}-\mathrm{u})\geq 0$ for all $\mathrm{v}\in \mathcal{U}_{ad}$ (4.18)
adjoint state system Gateaux
$\mathrm{v}arrow \mathrm{y}(\mathrm{v})$ : $\mathcal{U}arrow \mathrm{W}(\mathrm{O}, T)$ Gateaux
siny $(\mathrm{v})$ h\’echet
$(C\mathrm{y}(\mathrm{u})-\mathrm{Z}d, C(D\mathrm{y}(\mathrm{u})(\mathrm{v}-\mathrm{u})))_{M}+(\mathrm{N}\mathrm{u}, \mathrm{v}-\mathrm{u})_{\mathcal{U}}$
$=$ $\langle C^{*}\Lambda_{M(c(\mathrm{u})}\mathrm{y}-\mathrm{z}_{d}), D\mathrm{y}(\mathrm{u})(\mathrm{V}-\mathrm{u})\rangle_{\mathrm{w}\mathrm{o}}(,\tau)’,\mathrm{w}(0,\tau)$




Theorem 3. $\mathrm{v}arrow \mathrm{y}(\mathrm{v})$ : $\mathcal{U}arrow \mathrm{W}(0, T)$ $\mathrm{v}=\mathrm{u}$ Gateaux
$\mathrm{y}(\mathrm{v})$ $\mathrm{v}=\mathrm{u}$ $\mathrm{v}-\mathrm{u}\in \mathcal{U}$ Gateaux $\mathrm{z}=D\mathrm{y}(\mathrm{u})(\mathrm{v}-\mathrm{u})$
$\sim$
$\{$
$\frac{\partial^{2}\mathrm{z}}{\partial t^{2}}+\alpha\frac{\partial \mathrm{z}}{\partial t}-\beta\Delta \mathrm{z}+\gamma\cos$ y(u)z+kz $=\mathrm{v}-\mathrm{u}$ in $Q$ ,
$\mathrm{z}=0$ on $\Sigma$ ,
$\mathrm{z}(0, x)=0$ , $\frac{\partial \mathrm{z}}{\partial t}(0, x)=0$, $x\in\Omega$ ,
$\mathrm{z}\in \mathrm{W}(0, \tau)$ .
$\cos \mathrm{y}(\mathrm{u})=$ .
. siny $(\mathrm{u};t)$ $\mathrm{y}(\mathrm{v})$ $\mathrm{v}-\mathrm{u}$
4.1
Lions 4
1. $C_{1}\in \mathcal{L}(L^{2}(0, T;v),$ $M)$ $\mathrm{z}(\mathrm{v})=C_{1}\mathrm{y}(\mathrm{V})$ .
2. $C_{2}\in \mathcal{L}(L^{2}(\mathrm{o},T)\mathcal{H}),$ $M)$ $\mathrm{z}(v)=C_{2}\mathrm{y}’(\mathrm{v})$ .
3. $C_{3}\in \mathcal{L}(\mathcal{V}, M)$ $\mathrm{z}(\mathrm{v})=c_{3\mathrm{y}()}\tau_{;\mathrm{V}}$ .




$J(\mathrm{v})$ $=$ $\int_{0}^{T}|\mathrm{y}(\mathrm{v};t)-\mathrm{z}_{d()}t|2dt+\int_{0}^{T}(\mathrm{N}\mathrm{v}(t), \mathrm{v}(t))L^{2}(\Omega)^{2}dt$




’ $\forall \mathrm{v}=(v1, v2)\in L^{2}(Q)^{2}$ (4.20)
$\mathrm{z}_{d}.=(z_{d}^{12}, z_{d})\in L^{2}(Q)^{2}$ Theorem 3
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Theorem 4. (4.20) $\mathrm{u}$
$\{$
$\frac{\partial^{2}\mathrm{p}}{\partial t^{2}}-\alpha^{\mathrm{t}}\frac{\partial \mathrm{p}}{\partial t}-\beta\Delta_{\mathrm{P}}+\mathrm{k}^{\mathrm{t}}\mathrm{p}+\gamma\cos$ y(u)p $=\mathrm{y}(\mathrm{u})-\mathrm{z}_{d}$ in $Q$ ,
$\mathrm{p}=0$ on $\Sigma$ ,
$\mathrm{p}(T, x)=\frac{\partial \mathrm{p}}{\partial t}(T, x)=0$ , $x\in\Omega$ ,
$\mathrm{p}\in \mathrm{w}(0, \tau)$ ,
$\int_{0}^{T}(\mathrm{v} - \mathrm{u}, \mathrm{N}\mathrm{u}+\mathrm{P})_{L^{2}}(\Omega)^{2dt}\geq 0,$ $\forall \mathrm{v}\in \mathcal{U}_{ad}$ .
$\int_{Q}(p_{1}(t, X)+N_{1}(t, x)u1(t, X))(v_{1}(t, X)-u1(t, x))dXdt$
$+ \int_{Q}(p_{2}(u;t, x)+N_{2}(t, x)u2(t, X))(v_{2}(t, X)-u_{2(X}t,))dXdt\geq 0$ ,








$+ \int_{Q}|v_{1}|^{2}d_{Xdt}+\int_{Q}|v_{2}|^{2}d_{Xdt}$ , $\mathrm{v}=(v_{1}, v_{2})\in \mathcal{U}_{ad}$ . (4.21)
$\mathrm{z}_{d}=(z_{1}, z_{2})\in L^{2}(Q)^{2}$ .




$\frac{\partial^{2}\mathrm{p}(\mathrm{u})}{\partial t^{2}}-\alpha^{\mathrm{t}_{\frac{\partial \mathrm{p}(\mathrm{u})}{\partial t}-}}\beta\Delta \mathrm{P}(\mathrm{u})+\mathrm{k}^{\mathrm{t}_{\mathrm{P}}}(\mathrm{u})$
$+ \int_{t}^{T}\gamma\cos \mathrm{y}(\mathrm{u};\sigma)\frac{\partial \mathrm{p}(\mathrm{u})}{\partial t}d\sigma=\frac{\partial \mathrm{y}(\mathrm{u})}{\partial t}-\mathrm{z}d$,
$\mathrm{p}(\mathrm{u})=0$ on $\Sigma$ ,
$\mathrm{p}(\mathrm{u};T)=\frac{\partial \mathrm{p}(\mathrm{u},T)}{\partial t}.=0$,
$\mathrm{p}(\mathrm{u};t)arrow \mathrm{z}(T-t)^{\mathrm{t}}$
$\frac{\partial^{2}\mathrm{z}}{\partial t^{2}}+\alpha\frac{\partial \mathrm{z}}{\partial t}-\beta\Delta \mathrm{z}+\mathrm{k}_{\mathrm{Z}}+\int_{0}^{t}\gamma\cos \mathrm{y}(\mathrm{u};T-\sigma)\frac{\partial \mathrm{z}}{\partial t}d\sigma=\mathrm{f}(t)$,
$\mathrm{z}=0$ on $\Sigma$ ,
$\mathrm{z}(0)=\frac{\partial \mathrm{z}(0)}{\partial t}=0$ .
$\mathrm{f}(t)=\frac{\partial \mathrm{y}(\mathrm{u},T-t)}{\partial t}.-\mathrm{Z}_{d(}\tau-t)$
Gel’fand triple $\mathcal{V}arrow \mathcal{H}rightarrow \mathcal{V}’$
$\{$
$\mathrm{z}’’+\alpha \mathrm{z}’+\beta \mathrm{A}\mathrm{z}+\mathrm{k}\mathrm{z}+\int_{0}^{t}\gamma\cos \mathrm{y}(\mathrm{u};^{\tau-s)(S}\mathrm{z}’)dS=\mathrm{f}$ in $(0,T)$ ,
$\mathrm{z}(0)=0$ , $\mathrm{z}’(0)=0$ .
(4.23)
Definition 2. $\mathrm{z}$ (4.23) $\mathrm{z}\in \mathrm{W}(\mathrm{o},T)=W(\mathrm{O}, T)\mathrm{x}W(\mathrm{o}, T)$
$\mathrm{z}$
$\langle \mathrm{z}^{\prime/}(\cdot), \emptyset\rangle+(\alpha \mathrm{z}’(\cdot), \phi)+((\beta_{\mathrm{Z}(}\cdot), \emptyset))+(\mathrm{k}\mathrm{Z}(\cdot), \phi)+(\mathrm{M}_{\mathrm{Z}}/(\cdot), \phi)=(\mathrm{f}(\cdot), \emptyset)$
for all $\phi\in \mathcal{V}$ in the sense of $D’(0, T\mathrm{X},4.24)$
$\mathrm{z}(0)=0$ , $\mathrm{z}’(0)=0$ ,
$- \mathrm{e}_{\backslash }\mathrm{M}\mathrm{z}’(t)\equiv\int_{0}^{t}\gamma\cos \mathrm{y}(\mathrm{u};\tau-S)\mathrm{z}’(s)dS$.
Theorem 5. $\alpha_{ij}\in \mathrm{R},$ $\beta_{i}>0,$ $\gamma_{i},$ $k_{ij}\in \mathrm{R},$ $i,j=1,2(\succeq \text{ _{ }}\mathrm{f}l\ddagger \mathrm{f}_{\backslash }$
$\mathrm{f}\in L^{2}(\mathrm{o},\tau;\mathcal{H})$ (4.25)
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(4.23) 1 $\mathrm{z}$ $\mathrm{W}(\mathrm{O}, T)$
Theorem 6. (4.21) $\mathrm{u}$
$\{$
$\frac{\partial^{2}\mathrm{y}}{\partial t^{2}}+\alpha\frac{\partial \mathrm{y}}{\partial t}-\beta\Delta \mathrm{y}+\gamma\sin \mathrm{y}+\mathrm{k}\mathrm{y}=\mathrm{u}$ in $Q$ ,
$\mathrm{y}=0$ on $\Sigma$ ,
$\mathrm{y}(\mathrm{O}, x;\mathrm{u})=\mathrm{y}_{0}(x)$ , $\frac{\partial \mathrm{y}}{\partial t}(0, x;\mathrm{u})=\mathrm{y}_{1}(x)$ , $x\in\Omega$ ,
$\mathrm{y}\in \mathrm{W}(\mathrm{o}, \tau)$ ,
$\{$
$\frac{\partial^{2}\mathrm{p}}{\partial t^{2}}-\alpha^{\mathrm{t}\mathrm{t}}\frac{\partial \mathrm{p}}{\partial t}-\beta\Delta_{\mathrm{P}+\mathrm{k}\mathrm{p}+}\int_{0}^{t}\gamma\cos \mathrm{y}(\mathrm{u};s)\mathrm{p}’(S)d_{S}$
$=\mathrm{y}’(\mathrm{u})-\mathrm{Z}_{d}$ in $Q$ ,
$\mathrm{p}=0$ on $\Sigma$ ,
$\mathrm{p}(T_{X},)=\frac{\partial \mathrm{p}}{\partial t}(\tau, x)=0$, $x\in\Omega$ ,
$\mathrm{p}\in \mathrm{w}(0, \tau)$ ,




$J(\mathrm{v})$ $=$ $| \mathrm{y}(\mathrm{v};\tau)-\mathrm{Z}d|^{2}+\int_{0}^{T}||\mathrm{v}(t)||_{L^{2}(\Omega}^{2})2dt$
$=$ $\int_{\Omega}(y_{1}(\mathrm{v};\tau)-z_{1})^{2}d_{X}+\int_{\Omega}(y_{2()}\mathrm{V};T-z_{2})^{2}d_{X}$
$+ \int_{Q}v_{1}^{2}dxdt+\int_{Q}v_{2}^{2}d_{X}dt$ , $\mathrm{v}=(v_{1}, v2)\in \mathcal{U}_{ad}$ . (4.26)
$\mathrm{z}_{d}=(Z_{1}, Z_{2})\in L^{2}(\Omega)^{2}$ .
$(\mathrm{y}(\mathrm{u})(\tau)-\mathrm{z}_{d}, D\mathrm{y}(\mathrm{u})(\mathrm{v}-\mathrm{u})(\tau))$ . $\cdot$
$+ \int_{0}^{\tau}(\mathrm{u}, \mathrm{v}-\mathrm{u})L^{2}(\Omega)^{2d}t\geq 0$, $\forall \mathrm{v}\in \mathcal{U}_{ad}$
52
Theorem 7. (4.26) $\mathrm{u}$
$\{$
$\frac{\partial^{2}\mathrm{y}}{\partial t^{2}}+\alpha\frac{\partial \mathrm{y}}{\partial t}-\beta\Delta \mathrm{y}+\gamma\sin \mathrm{y}+\mathrm{k}\mathrm{y}=\mathrm{u}$ in $Q$ ,




$\mathrm{y}(\mathrm{O}, x;\mathrm{u})=\mathrm{y}_{0}(x)$ , $\frac{\partial \mathrm{y}}{\partial t}(0, x;\mathrm{u})=\mathrm{y}_{1}(x)$ , $x\in\Omega$ ,
$\mathrm{y}\in \mathrm{W}(0, \tau)$ ,
$\{$
$\frac{\partial^{2}\mathrm{p}}{\partial t^{2}}-\alpha^{\mathrm{t}}\frac{\partial \mathrm{p}}{\partial t}-\beta\Delta_{\mathrm{P}}+\mathrm{k}^{\mathrm{t}}\mathrm{p}+\gamma\cos$ y(u)p $=0$ in $Q$ ,
$\mathrm{p}=0$ on $\Sigma$ ,
$\mathrm{p}(T, x)=0$ , $\frac{\partial \mathrm{p}}{\partial t}(- T_{X},)=\mathrm{y}(\mathrm{u};T)-\mathrm{z}_{d}$ , $x\in\Omega$ ,
$\mathrm{p}\in \mathrm{W}(0, T)$ ,




$J(\mathrm{v})$ $=$ $| \mathrm{y}’(\mathrm{v};T)-\mathrm{z}_{d}|^{2}+\int_{0}^{\tau}||\mathrm{V}(t)||^{2}L2(\Omega)^{2}dt$
$=$ $\int_{\Omega}(y_{1}’(\mathrm{v};^{\tau})-Z)12d_{X}++\int_{\Omega}(y_{2}’(\mathrm{V};T)-z^{2})^{2}dX$
$+ \int_{Q}v_{1}^{2}dxdt+\int_{Q}v_{2}^{2}dXdt$ , $\mathrm{v}=(v_{1}, v2)\in \mathcal{U}_{ad}$ . (4.27)




$\frac{\partial^{2}\mathrm{p}}{\partial t^{2}}-\alpha^{\mathrm{t}\mathrm{t}}\frac{\partial \mathrm{p}}{\partial t}-\beta\Delta_{\mathrm{P}+\mathrm{k}\gamma.\mathrm{s}}\mathrm{P}+\mathrm{c}\mathrm{o}\mathrm{y}(\mathrm{u};S)\mathrm{p}=0$ in $Q$ ,
$\mathrm{p}=0$ on $\Sigma$ ,
$\mathrm{p}(T, X)=\mathrm{y}’(\mathrm{u};\tau)-\mathrm{z}_{d}$ , $x\in\Omega$ ,
$\frac{\partial \mathrm{p}}{\partial t}(T, x)=\alpha(\mathrm{y}’(\mathrm{u};T)-\mathrm{Z}_{d})$ , $x\in\Omega$ ,
\acute $\text{ }$. $\text{ }..\text{ _{}\ovalbox{\tt\small REJECT}}$
Method of $\mathrm{n}_{\mathrm{a}\mathrm{n}\mathrm{s}_{\mathrm{P}}}\circ \mathrm{s}\mathrm{i}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$
$\int_{0}^{T}(\mathrm{v}-\mathrm{u}, -\mathrm{p}+\mathrm{u})_{L^{2}(\Omega)^{2dt}}\geq 0$ , $\forall \mathrm{v}\in \mathcal{U}_{ad}$ .
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Bang-Bang
5 Method of Transposition
$\mathrm{y}(\mathrm{u};t)$ $\mathrm{f}\in L^{2}(0, T;\mathcal{H})$ Theorem 1
$\phi=\phi(\mathrm{f})\in \mathrm{W}(\mathrm{O}, T)$ –
$\{$
$\phi’’+\alpha\phi’+\beta \mathrm{A}\phi+\mathrm{k}\phi+\gamma\cos \mathrm{y}(\mathrm{u})\phi=\mathrm{f}$ in $(0, T)$ ,
$\phi(0)=\phi’(0)=0$ .
(5.28)
X (5.28) $\phi$ X
$((\phi(\mathrm{f}), \emptyset(\mathrm{g})))_{\mathrm{X}}=((\mathrm{f}, \mathrm{g}))_{L}2(0,T;\mathcal{H})$
(X, $((\cdot,$ $\cdot))_{\mathrm{X}}$) Hilbert $\phi(\mathrm{f})$
$\mathrm{f}$
$\phiarrow\phi^{\prime/}+\alpha\emptyset’+\beta \mathrm{A}\phi+\mathrm{k}\phi+\gamma\cos \mathrm{y}(\mathrm{u})\phi$ (5.29)
$\mathcal{L}$ : $\mathrm{X}arrow L^{2}(0, T;\mathcal{H})$ $\mathrm{X}=\mathrm{W}(0, \tau)$
Theorem 1
$|| \mathcal{L}^{-1}\mathrm{f}||_{L^{2}}(0,T;\mathcal{V})+||\frac{d}{dt}\mathcal{L}^{-1}\mathrm{f}||L2(0,\tau;\mathcal{H})\leq C||\mathrm{f}||_{L}2(0,T;\mathcal{H})$ (530)
$C>0$
Proposition 1
Proposition 1. 1 X –
$\mathrm{P}\in L^{2}(\mathrm{o}, \tau_{;\mathcal{H}})$
$\int_{0}^{T}(\mathrm{p}, \phi’’+\alpha\phi’+\beta \mathrm{A}\phi+\mathrm{k}\phi+\gamma\cos \mathrm{y}(\mathrm{u})\phi)dt=1(\phi)$ , $\forall\phi\in \mathrm{X}$ .
$\mathrm{g}\in L^{1}(0, T;\mathcal{V}’)$ , $\mathrm{p}_{0}\in \mathcal{H}$ , $\mathrm{p}_{1}\in \mathcal{V}’$
1 $( \phi)=\int_{0}^{\mathit{1}}\langle \mathrm{g}(t), \emptyset(t)\rangle dt+\langle \mathrm{p}_{1}, \phi(\tau)\rangle-(\mathrm{P}\mathrm{o}, \emptyset’(\tau))$
$1( \phi)=\int_{0}^{T}\langle \mathrm{g}(t), \emptyset(t)\rangle dt+\langle \mathrm{p}_{1}, \phi(T)\rangle+(\alpha \mathrm{p}0, \emptyset(T))-(\mathrm{p}_{0}, \phi’(T))$
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Proposition 1
Theorem 8 $\mathrm{g}$ , Po, Pl
$\mathrm{g}\in L^{1}(\mathrm{o}, \tau;v’)$ , $\mathrm{P}\mathrm{o}\in \mathcal{H},$
.
$\mathrm{p}_{1}\in \mathcal{V}’$
– $\mathrm{p}\in L^{2}(0, \tau_{;}\mathcal{H})$
$\int_{0}^{T}(\mathrm{p}, \emptyset^{\prime J}+\alpha\emptyset/+\beta \mathrm{A}\phi+\mathrm{k}\phi-\gamma\cos \mathrm{y}(\mathrm{u})\phi)dt$
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